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DETAILED ACTION 

Continued Examination Under 3 7 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR ll 17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR Ll 14, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.114. Applicants submission filed on 02/23/2006 has been entered. 

Claim Objections 

2. Claim 5 is objected to because of the following informalities: Claim 5 recites: "wherein 
said third sub-region has no dopant from said first and second doped sub-regions and separates 
said first and second doped regions from said charge accumulation region", wherein "said first 
and second doped regions" clearly derives an antecedent basis from said first and second doped 
sub-regions. Therefore, change "said first and second doped regions" to "said first and second 
doped sub-regions". 

Appropriate correction is required. 

Claim Rejections - 35 USC §102 
The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 
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3. Claims 1-6, 12, 20, 30-33, 35, and 235 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Coffa et al. U.S. Patent Application Publication 20020185700 (the '700 
reference). 

The '700 reference discloses in Figs. 3-4 and respective portions of the specification a 
photoconversion device as claimed. 

Referring to claim 1, the '700 reference discloses a photoconversion device (photodiode) 
comprising: 

a substrate (that is generally indicated at 5, Fig. 3) having a surface; 

a doped region (13) in said substrate and at said surface thereof, said doped region being 
of a first conductivity type (p) and having a graded profile (see Fig. 4), wherein said doped 
region has a higher dopant concentration near the surface of the substrate (as best visualized 
from both Figs. 3 and 4, where axis d of Fig. 4 clearly represents the depth of the 
photoconversion device depicted in Fig. 3, and axis D the dopant profile, paragraph [0028]); and 

a charge accumulation region (generally indicated at 19, paragraph [0030]) in said 
substrate and substantially below said doped region, said charge accumulation region being of a 
second conductivity type (n, "doped with erbium", paragraph [0026]; and note that although the 
reference does not explicitly erbium ions constitute an n-type conductivity type, erbium ions 
constitute an n-type conductivity type. See, for example, U.S. Patent 5,580,663, col. 2, lines 40- 
45). 

Referring to claim 2, the reference further discloses that said first conductivity type is p- 
type, as noted above. 
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Referring to claim 3, the reference further discloses that said second conductivity type is 
n-type, as noted above. 

Referring to claims 4 and 12, because the reference's doping profile for said doped 
region 13 is continuous (see Fig. 4), it is fair to conclude that said doped region further 
comprises (at least) a first sub-region doped to a first dopant concentration and (at least) a second 
sub-region doped to a second dopant concentration; and furthermore, said graded profile 
(established by said first dopant concentration and said second dopant concentration) is 
established by said first dopant concentration (nearer the surface of the substrate) being greater 
than said second dopant concentration as recited in claim 12. 

Referring to claims 4 and 20, because the reference's doping profile for said doped 
region 13 is continuous (see Fig. 4), it is fair to conclude that said doped region further 
comprises (at least) a first sub-region doped to a first dopant concentration and (at least) a second 
sub-region doped to a second dopant concentration; and furthermore, said second doped sub- 
region (that portion of doped region 13 that is closer to said substrate surface) has a shallower 
doping profile with respect to said substrate surface than said first doped sub-region as recited in 
claim 20. 

Referring to claim 5, the reference further discloses a third sub-region (18 or 14) adjacent 
to said first and second doped sub-regions, wherein said third sub-region has no dopant from said 
first and second doped sub-regions and separates said first and second doped sub-regions from 
said charge accumulation region. 

Referring to claim 6, the reference further discloses that said first dopant concentration 
(such as p+, Fig. 4) is a p+ dopant concentration. 
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Referring to claim 30 and using the same reference characters, interpretations, and 
citations as detailed above for claim 1 where applicable, the reference discloses a 
photoconversion device comprising: 

a substrate (that is generally indicated at 5, Fig. 3) having a surface and a substrate dopant 
concentration (N-); 

a first region (13) of said substrate, said first region being doped to a first conductivity 
type (p) and at least partially located at the surface of the substrate; 

a second region (18) of said substrate, said second region being adjacent to said first 
region, said second region having a dopant concentration (N-) substantially the same as said 
substrate dopant concentration (N-, paragraph [0026]); and 

a third region (19) of said substrate, said third region being doped to a second 
conductivity type (n) located substantially beneath said first region with respect to said substrate 
surface, separated from said first region by said second region, and being configured to collect 
photogenerated charge. 

Referring to claim 31, the reference further discloses that said first conductivity type is p- 
type, as noted above. 

Referring to claim 32, the reference further discloses that said second conductivity type is 
n-type, as noted above. 

Referring to claim 33, the reference further discloses that said first doped region (13) has 
a first dopant concentration (p+). 

Referring to claim 35, the reference further discloses that said first dopant concentration 
(p+) is a p+ dopant concentration. 
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Referring to claim 235 and using the same reference characters, citations, and 
interpretation as detailed above for claims 1 and 30 where applicable, the reference discloses a 
photoconversion device comprising: 

a substrate (5) having a surface and a substrate dopant concentration (N-); 

a first region (13) of said substrate doped to a first conductivity type and located at and 
below the surface of the substrate, said region having a dopant gradient profile wherein said 
dopant is in higher concentration nearer said surface of said substrate relative to portions of said 
first region deeper within said substrate; 

a second region (19) of said substrate doped to a second conductivity type (n) located 
substantially beneath said first doped region relative to said surface, said second region being 
configured with said first region for generating charge from light exposure and collecting 
photogenerated charges; and 

a third region (1 8) of said substrate, said third region having a dopant concentration (N-) 
substantially the same as said substrate dopant concentration (N-, paragraph [0026]) separating 
said first (13) and second (19) regions from each other. 

4. Claims 1-4, 12, 20, and 24 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Sin U.S. Patent 5,962,882 (the '882 reference, cited in a previous office action). 

The '882 reference discloses in Fig. 4 and respective portions of the specification a 
photoconversion device as claimed. 

Referring to claim 1, the '882 reference discloses a photoconversion device (photodiode) 
comprising: 
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a substrate (that is generally indicated at 70, Fig. 4) having a surface; 

a doped region (82/76) in said substrate and at said surface thereof, said doped region 
being of a first conductivity type (p) and having a graded profile (p+ and p), wherein said doped 
region has a higher dopant concentration (p+) near the surface of the substrate; and 

a charge accumulation region (generally indicated at 74) in said substrate and 
substantially below said doped region, said charge accumulation region being of a second 
conductivity type (n). 

Referring to claim 2, the reference further discloses that said first conductivity type is p- 
type, as noted above. 

Referring to claim 3, the reference further discloses that said second conductivity type is 
n-type, as noted above. 

Referring to claims 4 and 12, the reference further discloses that said doped region 
(82/76) comprises a first sub-region (82) doped to a first dopant concentration (p+) and a second 
sub-region (76) doped to a second dopant concentration (p); and furthermore, said graded profile 
(established by said first dopant concentration and said second dopant concentration) is 
established by said first dopant concentration (p+) being greater than said second dopant 
concentration (p) as recited in claim 12. 

Referring to claims 4 and 20, the reference further discloses that said doped region 
(82/76) comprises a first sub-region (76) doped to a first dopant concentration (p) and a second 
sub-region (82) doped to a second dopant concentration (p+); and furthermore, said second 
doped sub-region (82) has a shallower doping profile with respect to said substrate surface than 
said first doped sub-region (76) as recited in claim 20. 
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Referring to claim 24, the reference further discloses that said photoconversion device is 
part of a CCD imager (col. 1, lines 1-7). 

5. Claims 1-6, 12, 20, 30-33, 35, and 235 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Mori et al U.S. Patent 6,521,925 (the '925 reference). 

The '925 reference discloses in the figures, particularly Fig. 6 and respective portions of 
the specification a photoconversion device as claimed. 

Referring to claim 30, the '925 reference discloses a photoconversion device 
(photodiode) comprising: 

a substrate (20, Fig. 6) having a surface and a substrate dopant concentration (p); 

a first region (25) of said substrate, said first region being doped to a first conductivity 
type (p+) and at least partially located at the surface of the substrate; 

a second region (no number, generally defined by a region separating said first region 25 
and region 21) of said substrate, said second region being adjacent to said first region, said 
second region having a dopant concentration (p) substantially the same as said substrate dopant 
concentration (p); and 

a third region (2 la/2 lb) of said substrate, said third region being doped to a second 
conductivity type (n) located substantially beneath said first region with respect to said substrate 
surface, separated from said first region by said second region, and being configured to collect 
photogenerated charge. 

Referring to claim 31, the reference further discloses that said first conductivity type is p- 
type, as noted above. 
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Referring to claim 32, the reference further discloses that said second conductivity type is 
n-type, as noted above. 

Referring to claim 33, the reference further discloses that said first doped region (25) has 
a first dopant concentration (p+). 

Referring to claim 34, the reference further discloses that said second region has a dopant 
concentration of said first conductivity type (p) no greater than a dopant concentration (p) of 
non-active portions of said substrate (20). 

Referring to claim 35, the reference further discloses that said first dopant concentration 
(p+) is a p+ dopant concentration. 

Referring to claims 43-44, the reference further discloses that said photoconversion 
device is part of a CMOS imager, and that said CMOS imager is a 4T device (where T is 
transistors, Fig. 5). 

Referring to claim 46, the reference further discloses that said third region (2 la/2 lb) of 
said substrate comprises phosphorous ions (col. 10, lines 14-50). 

Referring to claim 47, the reference further discloses that said second region of said 
substrate separates said first region (25) from a neck (generally indicated at 21b) of said third 
region (2 la/2 lb). 

Claim Rejections - 35 USC §103 
The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 
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6. Claims 7-10, 17-18, 36-37, and 40 are rejected under 35 U.S.C. §103(a) as being 
unpatentable over Coffa et al. U.S. Patent Application Publication 20020185700 (the '700 
reference). 

Referring to claims 7-8, the '700 reference discloses said first dopant concentration 
according to the embodiment of Fig. 4 and as detailed above for claim 4, and although the 
reference does not disclose a specific range of dopant concentrations as claimed, selecting such a 
range of dopant concentrations for said first dopant concentration would be within the routine 
skill of one of ordinary skill in the art at the time the invention was made, therefore, such 
selecting would have been obvious. 

Referring to claims 9-10, the '700 reference discloses said second dopant concentration 
according to the embodiment of Fig. 4 and as detailed above for claim 4, and although the 
reference does not disclose a specific range of dopant concentrations as claimed, selecting such a 
range of dopant concentrations for said second dopant concentration would be within the routine 
skill of one of ordinary skill in the art at the time the invention was made, therefore, such 
selecting would have been obvious. 

Referring to claim 17, the '700 reference discloses said first and second doped sub- 
regions which constitute said doped region (13) as detailed above for claim 4, wherein said 
doped region is doped with said first conductivity, which is p-type, as detailed above for claim 2; 
and although the reference does not disclose that said doped region, or specifically said first and 
second doped sub-regions which constitute said doped region comprises BF2 or Indium ions, 
using BF2, for example, for forming said p-type was a known and available procedure. 
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Referring to claim 18, as noted above for claim 1, said doped region and said charge 
accumulation region are part of a photodiode. 

Referring to claims 36-37, the reference discloses said first dopant concentration 
according to the embodiment of Fig. 3 and as detailed above for claim 35, and although the 
reference does not disclose a specific range of dopant concentrations as claimed, selecting such a 
range of dopant concentrations for said first dopant concentration would be within the routine 
skill of one of ordinary skill in the art at the time the invention was made, therefore, such 
selecting would have been obvious. 

Referring to claim 40, the reference discloses said first region (13) which is doped with 
said first conductivity type and which is generally called said first doped region as claimed and 
as detailed above for claim 30, wherein said doped region is doped with said first conductivity, 
which is p-type, as detailed above for claim 31; and although the reference does not disclose that 
said first doped region comprises BF2 or Indium ions, using BF2, for example, for forming said 
p-type was a known and available procedure. 

7. Claim 25 is rejected under 35 U.S.C. § 103(a) as being unpatentable over Sin U.S. Patent 
5,962,882 (the '882 reference, cited in a previous office action). 

The reference discloses said charge accumulation region as detailed above for claim 1, 
wherein said charge accumulation region is doped with said second conductivity, which is n- 
type, as detailed above for claim 2; and although the reference does not disclose that said charge 
accumulation region comprises arsenic, antimony, or phosphorus ions, using arsenic, for 
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example, for forming said n-type was a known and available procedure at the time the invention 
was made. 

8. Claims 22-23 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Sin U.S. 
Patent 5,962,882 (the '882 reference, cited in a previous office action) in view of Nagata et al. 
U.S. Patent 6,407,417. 

The '882 reference discloses a photoconversion device substantially as claimed and as 
detailed above for claim 1 . The reference further discloses that said photoconversion device is 
part of a CCD imager as detailed above for claim 24. However, the reference does not teach that 
said imager could be formed in a CMOS process, which would result in a device that is part of a 
CMOS imager as claimed. The reference thus further does not teach that said would-be CMOS 
imager is a 3T, 4T, 5T, 6T, or 7T device (where T is transistors). 

Nagata, in also disclosing a photoconversion device, teaches that a CMOS imager offer a 
few advantages over a CCD imager such as lower power consumption and ease of logic 
implementation (col. 1, lines 25-67). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the reference's device such that it is part of a CMOS imager instead 
of a part of a CCD imager. One would have been motivated to make such a change in view of 
the teachings in Nagata that a photoconversion device that it is part of a CMOS imager instead of 
a part of a CCD imager results in lower power consumption. 
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As for the limitation 3T, 4T, 5T, 6T, or 7T device (where T is transistors), it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to add more T 
for the purpose of controlling the photoconversion device as the need arises. 

9. Claim 45 is rejected under 35 U.S.C. § 103(a) as being unpatentable over Mori et al. U.S. 
Patent 6,521,925 (the '925 reference). 

The reference discloses a photoconversion device as claimed and as detailed above for 
claim 30, and further discloses that said photoconversion device may be part of a CCD imager 
(col. 12, lines 65-67). 

Allowable Subject Matter 

10. Claims 1 1, 13-14, and 48-50 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the limitations of 
the base claim and any intervening claims. 

The following is an examiner's statement of reasons for the indication of allowable 
subject matter: The cited art, whether taken singularly or in combination, especially when all 
limitations are considered within the claimed specific combination, fails to teach or render 
obvious a photoconversion device having all exclusive limitations as recited in claims 1 1, 13, or 
48. 



Conclusion 
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1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tu-Tu Ho whose telephone number is (571) 272-1778. The 
examiner can normally be reached on 7:30 am - 6:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, DAVID NELMS can be reached on (571) 272-1787. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Tu-Tu Ho 
May 03, 2006 



